In this paper we examine energetic cometary ion fluxes measured by the Tlinde-M experiment during the preencounter time period when VEGA 1 was still outside the bow shock of comet Halley. A later paper will investigate data from the region inside the shock. We will show here that, in order for ions to be observed by the Tttnde-M instrument, they must have been both pitch angle scattered and accelerated. Possible acceleration processes are discussed in the light of these observations. The insu'ument geometry and response of the Tilnde-M instrument are described in section 2. Section 3 gives the ion flux profiles measured by Tiinde-M and presents a correlation study of these fluxes with the magnetic field data measured by the magnetometer on board VEGA 1 [Riedler et al., 1986] . Section 4 presents the cometary ion distribution functions derived from Tilnde-M data for the frame of reference moving with the solar wind.
INSTRUMENTAL AND OBSERVING GEOMETRY
The VEGA mission and the trajectories of the space probes were discussed by Sagdeer et al. [1986b] . In the vicinity of the comet, the VEGA 1 trajectory formed an angle of approximately 111 ø with the Sun-comet axis, and the inclination angle (formed with the plane of ecliptic) was Energetic ions which are incident on the detector must first go through an aluminum window and lose some fraction of their energy in traversing this "dead layer." Once an ion enters the silicon semiconductor layer of the detector, it can deposit its energy both in ionizing and nonionizing collisions; only the ionizing collisions contribute to the signal from the detector (i.e., to the "measured" ion energy), and the resulting "defect" in the amplitude of the signal is usually called the "pulse-height defect" (or PHD [see Keppler, 1978] ). The nonionizing energy loss, and thus the PHD, depend on both the mass and incident energy of the incident ions. For protons, the PHD is only important for incident energies less than about 10 keV, but for heavier ions (e. •raversing the 15-p.g/cm 2 aluminum (AI) window was found by using the stopping-power tables of Northcliffe and Schilling [1970] . Then the PHD for a silicon detector (no window) was taken from Ipavich et al. [1978] assuming that the ions were O +. For a given energy of an O + ion, the deposited (or measured) energy was thus obtained by taking into account both the energy loss in the AI window and the PHD in the silicon detector itself. Cometary pickup ions (of any species) will initially form ringfoeam distributions, as discussed earlier. However, in the presence of significant levels of magnetic fluctuations, the cometary ion distribution will rapidly isotropize (due to pitch angle scattering) on a spherical shell centered at the solar wind velocity and with a radius equal to the solar wind speed u. The intersection of such a spherical shell with the V,-Vy plane is indicated in Figure 1 for a solar wind speed of u=480 km/s. It should be emphasized that Tiinde-M is not able to differentiate whether or not these initially picked-up ions are isotropized, although since the ring will almost never intersect the observing cone, at least partial isotropization is a reasonable assumption. The cometary ions must also be accelerated in order to be observed by TOnde 1. Estimate a reasonable temperature T for energies near oe'. For this paper, which concerns the region upstream of thee bow shock, a single temperature was assumed for all j.
2. Given this T, determine a value of fo from Cj for each j by using equations ($) through (6), with the appropriate value of u and T. This parameter is called foj' Table 2 provides the necessary information in the form of C t) for 
The trial counting rates in channel j, C tj , produced by such a distribution with fo = 1 are given in Table 2 
Given T, one can determine •'.from equation (7)
. Table 3 provides values for selected valu/es of T and u.
4. Now the distribution function can be found for each j: 2. The channel limits (i.e., the energy discrimination levels set by the electronics of the instrument) were originally determined via a preflight calibration, and these were listed in Table 1 for the four lowest (effective) channels. Unfortunately, the electronic parameters are subject to possible long-term variations, and no in-flight calibration was performed. There are indications in the data shown here (Figure 6 ) and in data for the region downstream of the bow shock (not shown here) that the energy limit between channels 2 and 3 should be lower. In particular, the counting rate for channel 3 seems to be systematically too high relative to the adjacent channels. For a fairly steep distribution function and for solar wind speeds near 500 km/s, only the lower part of a channel makes a significant contribution to the counting rate. In this case, lowering the existing energy limit between channels 2 and 3 will not seriously_affect the derived •, but will lower the derived value ofoe'jforj = 3 (but not forj = 2). In Due to the difference between our detectors and Ipavich's we estimate that the error is more like 5% (and probably less than 10%). This corresponds to a 5-key error in determining the energy of a 100-keV O + ion, and this uncertainty results in a factor of 2 or so uncertainty in the derived distribution function for steep energy spectra. 4. There is certainly some error in the transformation procedure itself; in particular, there is uncertainty in the choice of the functional form of the distribution function and uncertainty in the parameters used. A Maxwellian form was used for convenience only, and it seems to fit the data reasonably well. However, other functional forms, which exhibit similarly rapid falloffs at energies near 100 keV, could have been used. For instance, power law fits were also txied, and they also gave acceptable fits. But then, the average energy oe'. and the magnitude of the derived distribution function were somewhat different. The power law fit gave somewhat larger slopes than Maxwellians would at lower energies and somewhat smaller slopes at higher energies. By fitting a straight line (for a logarithmic-linear scale) to the distribution function points calculated using the power law, one finds an "average temperature" for those points. The "temperatures" (i.e., just the slopes of the curves) from the power law fits are only slightly larger than •.
A least squares fit of the "measured" points (fjversus •'.t) is used to obtain a new value of T. Note that either 3 or 4'points are used to determine T, which is in turn used
• indicate that the dust production (and therefore the neutral gas production) is highly variable over the surface of the nucleus with regions which are much more active than others. Suppose that there exists a relatively small active region which is active only when it faces the Sun. This active region would produce short-lived dusty gas jets with a periodicity determined by the rotation period of the nucleus.
The resulting neutrals would be distributed in shell-like structures whose radial separation is equal to the gas velocity times the rotation period and whose radial thickness is equal to the gas velocity times the fraction of the rotation period during which the surface is active. Similar, but less sharp, structures would build up from ions which are created from these neutrals and then are picked up by the solar wind. As Reaction (10) will produce O and C atoms with velocities of several kilometers per second and very small velocity dispersion. Dissociative recombination proceeds rapidly only for cold electrons, and thus these fast atoms can be produced only within the inner coma where the electron temperature is low [cf. Mendis et al., 1985] . These fast atoms will move out isotropically from the inner coma and produce shells even if the parent CO + ions are distributed highly asynunetrically (e.g., jets). The fast atoms appear to be produced isotropically due to the small size of the inner coma compared with scale lengths of millions of kilometers.
